Abstract
catalysis and soil science [1] . For a proper design of many industrial unit operations and 5 modelling purposes, an accurate prediction and rationalization of mutual diffusion is often 6 needed [2] . Several methods can be used to measure mutual diffusion. D'Errico et al. [3] 7 used the Taylor dispersion method to measure mutual diffusion coefficients of glycerol/water 8 at 25 °C. Other methods such as holographic interferometry, light scattering and diaphragm 9 cell methods have been used for prediction of mutual diffusion coefficients [4] [5] [6] . These 10 methods are often complex to set-up, lengthy and in many cases suffer from accuracy and 11 reproducibility issues. Models able to predict mutual diffusion coefficients can therefore offer 12 a valid alternative. 
14
In the model mentioned above, and are the intra-diffusion coefficient; and x are the * 1 * 2 15 activity coefficient and mole fraction, respectively. The term in the bracket is denoted as the 16 thermodynamic correction factor. For ideal or near-ideal liquid systems, Darken's predictions 17 are in good agreement with experimental data; however, for non-ideal liquid systems, the Mostly, equation (3) is incorrect for highly, non-ideal, concentrated solutions or solutions 11 near their consolute point, and this is attributed to the observation that in such solutions,
12
diffusion occurs through movement of clusters molecules alongside of single molecules [15] .
13
The cluster diffusion approach can therefore be applied to study diffusion near consolute 
Where, F(r) is the time-integrated velocity and G(r) is the concentration function. In equation
20
(4) G(r) and F(r) are assumed to be independent of each other. 
In the above equation, T, and are the temperature, coefficient of viscosity and Kronecker 4 delta function, respectively. The trace of equation (5) is:
This equation describes random thermal movement of molecules (i.e., movement of 6 molecules because of their temperature). parameter, which describes the effect of correlation between different particles in the 13 concentration function. The Taylor expansion of is shown in equation (9):
14 Hence, by combining equations (8) and (9), the following equation can be obtained:
(10) 
In the above equation, n is an adjustable parameter, which accounts for the omitted terms in 10 equation 10. Hence, by combining equations (4), (6) and (13), the modified diffusion 11 coefficient can be obtained according to: (14), is in terms of the characteristic 6 size, which is in a modified form, , substituted instead of the radius r.
7
In order to use equation (14), must be estimated. (17), g ij can be obtained as:
13
In the above equation, is a characteristic of molecular size. To simplify equation (18), we 14 assume that:
15 1 By combining equations (16) and (19), was found according to:
2
The correlation length that is predicted by equation (20) Therefore, equation (20) was modified empirically and the diffusion coefficient can be 7 written as:
where is the radius of the solute molecules. In this way, the correlation length inevitably
reduces to the Stokes-Einstein equation for dilute solutions, without affecting the results near 10 the critical point. Indeed, the second term in equation (22), , is the ( were determined by optimization.
3
The correction factor in equation (24) 
8 Activity coefficients were determined as a function of composition. In this regard, VLE data 9 were fitted using second to six degree polynomials and if the results were not satisfactory, 10 equation (27) would be used to describe the total vapor pressure:
In the above equation, A, B and C are adjustable parameters.
12
It should be noted that equilibrium data (x, y and P) and diffusion coefficients were reported 13 at two slightly different temperatures in the literature, thus the calculation of by The parameters ( , n, ) in equation (24) 
3
The three adjustable parameters in equation (24) were obtained for seven different systems.
4
The local and global parameters are tabulated in Table 1 . Furthermore, a comparison between 5 this model and that of Cussler was also carried out. Accordingly, the Cussler model includes 6 a K c parameter, which is a fitting parameter that varies with different binary systems. It is interesting to note that the optimized n global value yield an exponential of the 10 thermodynamic correction factor, 1/(3-n) of approximately 0.402, which is close to the 0.5 11 value given by Cussler for the power of the correction factor.
12
The theoretical model was applied to seven different systems and the results explain well the 13 mutual diffusion profiles. It has to be pointed out that because this model is based on cluster 14 theory, in most cases it predicts experimental data at high concentration better than those at 15 low concentrations. Such observation is in line with the theoretical basis of the model (i.e.,
16
cluster theory), which is applied in the high concentration range.
17
We now assess the use of the model in equation (24) The ARD % results for local and global parameters are presented in need any knowledge on intra-diffusion coefficients and can be used to estimate mutual 12 diffusion coefficients as a function of composition when such data are not available. 
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